njury to the dorsomedial cutaneous nerve in the foot may occur after operations for hallux valgus. Pressure neuropathy before operation is also described but remains largely unexplored. We have investigated the incidence of sensory deficit in the great toe before operating for hallux valgus and examined to what extent any deficit was related to the degree of angulation of the joint.
Pressure neuropathy may sometimes contribute to the symptoms in hallux valgus, 1,2 but little information is available as to its incidence or the identity of the nerves affected. One case report 3 describes the symptoms in hallux valgus as specifically 'neuritic' with a successful result following neurolysis of an entrapped dorsomedial cutaneous nerve.
Recent interest has focused on the exact course and variations in the anatomy of the dorsomedial cutaneous nerve of the hallux, a terminal branch of the superficial peroneal nerve 4 ,5 because of a reported incidence of iatrogenic injury of up to 45%. 6, 7 Having encountered a number of patients presenting with medially located parasthesiae in the big toe as a symptom of hallux valgus, we undertook a study of the cutaneous sensation prior to surgery. The null hypothesis proposed was that there was no significant difference between sensation proximal and distal to the angular deformity at the metatarsophalangeal (MTP) joint in hallux valgus. In addition, on the basis that any sensory disturbance might be secondary to nerve traction around the bunion deformity, we looked for any quantitative relationship between the extent of the deformity and sensory loss. We also investigated whether those who complained of sensory disturbance had a greater degree of dysfunction than patients with a demonstrable deficit of which they were unaware.
Patients and Methods
Forty-three consecutive patients presenting with hallux valgus were recruited to the study. Those with altered peripheral sensation, due either to the potential for peripheral neuropathy, a history suggestive of more proximal nerve entrapment or previous surgery to the hallux were excluded. All the patients were female with a mean age of 56 years (35 to 73); 18 had bilateral hallux valgus and 25 unilateral, giving a total of 61 feet. Of these, 33 were right and 28 were left. In addition, 12 contralateral normal feet were also studied in the same patients.
All patients were asked whether they were aware of sensory symptoms and if these were regarded as a contributory factor in their disability. Sensory testing was carried out using a Semmes-Weinstein monofilament kit, the WEST (Connecticut Bio-instruments Inc, Danbury, Connecticut/ Smith and Nephew Healthcare, Cambridge, UK) (Fig. 1 ).
This comprises a single pen-sized handle with five rotatable monofilaments of regulated length and diameter. A repeatable force stimulus is delivered by applying each monofilament perpendicular to the test site slowly until it bends and leaving it in situ for one second. This tests light touch sensation. Monofilaments were not calibrated between cases on a top loading balance since we were looking at patterns of sensory alteration within individual feet and did not compare absolute values between feet.
Testing was performed consistently in all feet by MLH and SK and as recommended by previous studies. 8, 9 The smallest filament was used first with progression to the largest. Patients were seated for testing with the foot elevated on a low stool and were blinded to the testing. A positive threshold was recorded when a patient could feel the stimulus and locate its position. The same sites were recorded in each foot ( Fig. 2 ) and corresponded to recognised territory for the superficial and deep peroneal, medial plantar and sural nerves. In the area of the bunion (zone 3) the thickened skin over the deformity was avoided if possible. A control zone (2), supplied by the superficial peroneal nerve, was established proximal to the deformity in order to allow comparison with sensory changes at and distal to it. A secondary control zone (1), supplied by the sural nerve was also used as a check. It was assumed that these two dorsal areas, both equidistant from the ankle, would have similar sensory function and so detect any significant proximal disturbance of the superficial peroneal nerve in the lower leg. Absence of a significant difference in sensory levels between the two dorsal control zones enabled valid comparison between the test zones (3 to 9) and the appropriate control zone (2) .
Zones 3, 4 and 5 were located to the medial side of the dorsal midline of the hallux and comprised normal dorsal skin. Zone 3 was located at the MTP joint, zone 4 at the proximal phalanx and zone 5 at the distal phalanx. Zones 9, 8 and 7 were located directly opposite zones 3, 4 and 5 on the lateral side of the midline and comprised dorsal skin. Zone 6 was an area of planter skin on the tip of the distal phalanx.
A separate group of ten control feet from normal subjects, and not included in the analysis, were also examined to allow quantification of the inter-observer variability with the monofilament testing kit. Standing radiographs were obtained to allow measurement of the hallux valgus and inter-metatarsal angles, as part of the routine assessment of the forefoot. These films also allowed us to assess the relationship between the degree of the radiographic deformity and any reduction in sensation. Given the reduction in light touch, which occurs with ageing, we also looked for evidence of any relationship between age and sensory appreciation at each zone. Analysis Each foot was analysed independently to determine whether there was any alteration in sensitivity at or distal to the hallux valgus deformity. A non-parametric Wilcoxon matched pairs test was performed in both the normal and affected feet to test for significance between the two control zones (1 and 2) .
Preliminary analysis established that the sensory function of the superficial peroneal nerve proximal to the hallux deformity (zone 2) was unaffected and identical to that of the sural nerve at the same level. This allowed the control zone 2 to be used as the control throughout. A non-parametric Wilcoxon matched pairs test was performed to test for significance between zone 2, and each of the other sites 3 to 9 distal to it. Each of the sites was also tested separately The Semmes-Weinstein five monofilament testing kit. Fig. 2 The distribution of the sites tested in the foot (1, sural nerve; 2 to 4, superficial peroneal nerve; 5 to 7, medial plantar nerve; 8 to 9, deep peroneal nerve).
against each other to check for possible unexplained significant differences between zones. A Friedman non-parametric test was used to identify any differences between any zone over time. The hypothesis that patients who reported symptoms of sensory dysfunction in the hallux had a more significant sensory deficit than those who did not was tested using a non-parametric Mann-Whitney U test.
The hypothesis that changes in sensation were accounted for by age was tested by looking at the relationship between age and sensory grade at each zone using Spearman's correlation coefficient. The relationship between the degree of deformity, as measured by both the hallux valgus and the intermetatarsal angles and the severity of any sensory deficit was investigated using the coefficient of correlation. Interobserver error was quantified for each zone using intraclass correlation coefficients.
Results
There was no significant difference between control zone 1 and 2 in either feet with hallux valgus (p = 0.7) or in those without (p = 0.65).
In the feet with hallux valgus there were significant differences in sensitivity between the distribution of the dorsomedial cutaneous nerve proximal to the MTP joint in zone 2 (mean 2.82, SD 0.7) and between zones 3 (mean 3.7, SD 0.9, p = 0.0001) and 4 (mean 3.12, SD 0.67, p = 0.017). There was a decrease in sensation at and distal to the angular deformity of the MTP joint, limited to the proximal phalanx. This pattern was not present in the normal feet, which showed no significant difference between any of the zones studied. There were no other significant differences between any other zones.
The mean angular deformity of the hallux group was an intermetatarsal (IM) angle of 14˚ and an hallux valgus (HV) angle of 35˚. There was no correlation between the degree of angulation and the sensory deficit. The mean angular deformity of the contralateral normal feet was an intermetatarsal angle of 10˚ and a hallux valgus angle of 19˚. The difference between the two groups was significant (p = 0.001 for both parameters, with a 95% confidence interval of the difference 1.9 to 5.9 for the IM angle and 8.6 to 22 for the HV angle).
When objective sensation in patients with hallux valgus who had described sensory symptoms (13 patients and 17 feet) was compared with those who did not (30 patients and 44 feet), no significant differences were found. Of patients who mentioned sensory symptoms, five (38%) regarded these as part of the reason for seeking referral.
There was no evidence of a relationship between age and sensory change.
Discussion
When the level of sensation on the dorsal aspect of the hallux was measured in a group of patients with hallux valgus, there was clear evidence of a significant reduction in the region of the deformity. This decrease was only present in the territory of the dorsomedial cutaneous nerve at the bunion and the adjacent proximal phalanx, and was more marked over the bunion (Fig. 2) . This differential effect may not be wholly accounted for by a differential reduction in nerve function, but may also reflect the effect of the generally calloused skin of the bunion area on perceived sensation. The medial side of the distal phalanx is supplied by the medial plantar nerve and is therefore not affected. 10 Traction around the bunion deformity, direct pressure between the bunion and the shoe and recurrent inflammation of the bursal tissue may affect the dorsomedial cutaneous nerve but not the medial plantar. Although general figures are available for dorsal sensation, 9, 11 no detailed study allowing comparison exists.
Chronic traction of a nerve around a bony prominence resulting in dysfunction is well recognised particularly in the case of the ulnar nerve at the medial epicondyle and the common peroneal nerve at the neck of the fibula. This study has shown that dysfunction of the dorsomedial cutaneous nerve can be demonstrated in hallux valgus, but we have not been able to demonstrate a relationship between the degree of angular deformity and severity of sensory loss.
The location of the dorsomedial cutaneous nerve in relation to incisions on the hallux 4,5 has resulted in a high incidence of post-operative injury 6 with the recognition that the resulting neuromas may lead to poor outcomes. 10, 12 We have shown that in 65% of great toes some deficit in sensation is present before operation. Unless this has been assessed before surgery, dysfunction after operation cannot be absolutely ascribed to the operation. Although 21% of the patients complained of symptoms related to nerve dysfunction, this was demonstrated in another 44%. Previous authors 6 have also noted this disparity between lower subjective and higher objective incidences of sensory dysfunction of the hallux after operation.
Testing for two-point discrimination is often used in clinical assessment of sensory dysfunction but has limitations given the difficulty in applying similar pressures between tests and observers. 8 Its use in compressive neuropathies, where the cortical representation which the technique tests is expected to be normal, has been questioned. 13 The Semmes-Weinstein monofilaments provide a controlled, objective and reproducible force stimulus. 8 Their use as a screening tool for critical sensory impairment in diabetic feet is established. 14 More recently, they have been used to document general sensory thresholds of normal foot sensation. 9 The method is easily applied and reproducible. Given the potentially high incidence of intraoperative damage, we recommend its consideration as a routine part of the pre-operative assessment for hallux valgus.
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